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PHYLOGENETIC STUDIES OF SOME SPECIES OF THE GENUS
Coffea. I - NUMERICAL ANALYSIS OF ISOENZYMATIC DATA

Catalina Romero Lopes

ABSTRACT

Thirteen specics of Coffea were studicd for five enzymatic systems, including alpha and beta
esterase, alkaline phosphatase, acid phosphatase, malate dehydrogenase and acid dehydrogenase. Three
cocefficients of similarity: Simple Matching, Jaccard and Ochiai and three different clustering methods: Single
Linkage, Complete Linkage and Unweighted Pair Group, using Arithunctic Averages (UPGMA) were used to
analyse the data.

The phylogenetic relationships among the twelve diploid species and between them and the
tetraploid species C. arabica showed that similarity among specics of the same subscction is not always greater
than among species of different subsections. In addition, although there are scveral similarity groups in common,
established by isoenzymatic polymorphism, morphological characteristics, chemical data, crossability and
geographic distribution, there is no common trend among the phylogenctic relationships as indicated by all

these different evaluating procedures.

INTRODUCTION

The broad distribution of the species of the genus Coffea in Africa, as well as
the difficulties involved with maintaining a comprehensive live collection in one given
environment, are two of the major problems hindering a good understanding of the
phylogenetic and taxonomic relationships among them.

The most complete taxonomic classification of this genus, based on
morphological and ecological data, was provided by Chevalier (1947). However, with
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the exploration of new areas, in Africa many new species have been described, mainly
by Leroy (1980, 1982) and Bridson (1982). Data about the ecological conditions under
which the species are found and about the genetic relationship of some species have also
been collected (Carvalho and Monaco, 1967; Charrier, 1975, 1978; Carvalho et al., 1985).
These new data have not corroborated the distribution of species within sections and
subsections proposed by Chevalier (1947). According to Charrier (1975), the genus
Coffea includes only the sections Eucoffea and Mascarocoffea, while the sections
Paracoffea and Argocoffea (Chevalier, 1947) form the new genera Paracoffea and
Argocoffea, respectively. Wrigley (1988), presented the classification proposed by Leroy
(1980), in which three genera belonging to the tribe Coffeae are recognized: genus Coffea
L. composed of the subgenera Coffea, Psilanthopsis (Chev.) Leroy and Baracoffea
(Leroy) Leroy; genus Psilanthus Hook. f. composed of subgenus Afrocoffea (Moens)
Bridson, and genus Nostolachma T. Durand. The genus Coffea, subgenus Coffea contains
by far the most species and includes all those commercially used, however, as is said by
Wrigley (1988), breeders and growers still tend to adopt Chevalier’s classification,
although it is rather poorly defined by morphological characters. The subgenus
Psilanthopsis, genus Coffea, based on one species, is doubtfully worth recognition in
Bridson’s opinion (1982). The subgenus Baracoffea was based on the Madagascar
species C. grevei Drake ex Chev. and Leroy (1982) also included in it, two other
Madagascar species and one species from Kenya and Somalia. According to Wrigley
(1988) this taxon is certainly worth recognition and is interesting from an evolutionary
point of view as it seems to form a link between Coffea and Psilanthus. The existence of
the monotypic genus Psilanthopsis (Chevalier, 1947) was also contested by Carvalho and
Monaco (1967) and Carvalho et al. (1985), among several other propositions.
Furthermore, these authors and Charrier (1975) reported high crossability among species
of different subsections and sections, with a large production of hybrids.

The use of isoenzymes to investigate genetic problems has been demonstrated
in other plant species (Brown and Allard, 1970; Allard et al., 1971; Hamrick et al., 1979;
Hamrick and Loveless, 1986; Buckley et al., 1988). In the present research, phylogenetic
and taxonomic relationships among thirteen species of the genus Coffea were evaluated
by using isoenzymes as genetic markers and the data were analyzed through numerical
taxonomy.

MATERIALS AND METHODS

The species studied belong to the genus Coffea, according to the classification
of Chevalier (1947), with modifications introduced by Carvalho and Monaco (1967), and
Carvalho et al. (1985). The species C. mauritiana and C. bengalensis belong to the
sections Mascarocoffea and Paracoffea, respectively. The other eleven species which
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include C. arabica, C. canephora, C. congensis, C. eugenioides, C. liberica, C. dewevrei,
C. brevipes, C. stenophylla, C. racemosa, C. kapakata and C. salvatrix, belong to different
subsections of the section Eucoffea. All the material was obtained from the Coffee
Germplasm Bank of the Department of Genetics of the Instituto Agrondémico de
Campinas, State of Sao Paulo, Brazil. Carvalho ez al. (1985) have enumerated all possible
origins of these 13 species. The C. congensis plants from the Coffee Germplasm Bank
are not typical of C. congensis and there is a strong possibility that they are a hibrid
between C. canephora cv Robusta and C. congensis, known by the name of Congusta.
Only later, real representatives of the species C. congensis were introduced in the Coffee
Germplasm Bank. C. mauritiana which was introduced in the Campinas collection
through Cenargen (Centro Nacional de Pesquisas de Recursos Genéticos e Biotecnologia
- EMBRAPA), is also not typical when compared to the description provided by Chevalier
(1947). The available samples of this species have smaller leaves than the originals, thus
presenting unexpected morphological similarities with C. brevipes (Carvalho, personal
communication).

Electrophoresis to separate isoenzymes was performed at 4°C and 60 mA on a
starch gel. For the study of alkaline phosphatases, acid phosphatases and esterases, the
starch gels were prepared at 15% in the buffers 0.2 M Tris-citrate pH 8.3 and 0.2 M litium
borate pH 8.3 (9:1, respectively), according to Scandalios and Sorenson (1977). For the
study of malate dehydrogenases and acid dehydrogenases, starch gels at 15% prepared
in the buffer 0.2 M Tris-citrate pH 7.0, in a proportion of 1 part of the buffer to 60 parts
of water, according to Scandalios and Sorenson (1977) were used.

To separate isoenzymes from acid phosphatase, alkaline phosphatase and
esterase, a 0.2 M Tris-citrate pH 8.3 electrode buffer was used, and to separate isoenzymes
from malate dehydrogenase and acid dehydrogenase a 0.1 M Tris-citrate pH 7.0 electrode
buffer (Scandalios and Sorenson, 1977) was used. The procedures were considered
complete when the front reached 9 cm from the origin.

After electrophoresis was completed the gels were sliced horizontally into 3
layers about 0.3 cm thick. All gels were incubated in the appropriate staining solutions
(Steiner and Joslyn, 1979) at 37°C in the dark for different time periods, which depended
upon the enzymatic system in question. The gels were then rinsed in distilled water and
fixed in a solution of ethanol: acetic acid: water (5:5:1, respectively) for 8 hours. The
relative migration (Rm) of each isoenzyme in each enzymatic system was calculated by
dividing the migration distance of each band in centimeters by the migration of the front.

The species were referred to as operational toxonomic units (OTUs), according
to a list of characters (presence or absence of each enzymatic activity region or band).
To determine the similarity among the OTUs, three coefficients of association were used:
"Simple-Matching (SM), the Jaccard (J), and the Ochiai (O)”, according to Sneath and
Sokal (1973). The strategy used to accomplish the analysis was sequential,
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agglomerative, hierarchical and not superimposed. Methods for clustering, unweighted
pair group arithmetic averages (UPGMA), complete linkage (CL) and single linkage (SL)
were utilized (Sneath and Sokal, 1973; Rohlf, 1988).

RESULTS

The general isoenzymatic patterns obtained from each species for each analyzed
enzymatic system are shown in Figures 1 and 2.

The results obtained from the Simple-Matching coefficient of similarity
submitted to the 3 clustering methods, the Single Linkage, Complete Linkage and the
UPGMA using all isozymes detected in the five different enzymatic systems studied are
shown, respectively, in Figures 3, 4 and 5.

The results obtained from the Jaccard’s coefficient of association are shown in
Figures 6, 7 and 8, grouped respectively by Single Linkage, Complete Linkage and
UPGMA methods. Figures 9, 10 and 11 refer to the results obtained from the use of the
Ochiai’s coefficient of association, grouped by Single Linkage, Complete Linkage and
UPGMA methods, respectively.

DISCUSSION

In all clusters obtained from the different coefficients of association utilized, six
species formed three distinct pairs, sharing greatest similarity. One pair was composed
of C. canephora and C. congensis, species which belong to the same subsection, share
great morphologic similarity (Chevalier, 1947) and have a high degree of crossability
(Carvalho et al., 1985). Only with the flavonoid studies (Lopes and Shepherd, 1991),
these two species showed a lower level of similarity.

C. salvatrix and C. eugenioides seem to be closely related and formed the second
pair. These species belong to two different subsections, present distinct morphological
characteristics (Chevalier, 1947) and have shown a low degree of crossability (Carvatho
et al., 1985). However, upon closer examination of the alkaline phosphatase, alpha and
beta esterase isoenzymatic patterns, it can be seen that these two species share some
specific bands, mainly those of the cathodic group. A similar observation was found with
the flavonoid studies (Lopes and Monaco, 1979, Lopes and Shepherd, 1991) where these
species also shared specific compounds. Isoenzymatic and flavonoid studies seem to
indicate that there was introgression of C. salvatrix into C. eugenioides. Since
morphological variability more than likely evolves through a selective process and
electrophoretic variability is thought to be primarily neutral (Tumer et al., 1979), the level
of morphological differentiation probably increased between these two species because
of geographical isolation. However, some isoenzymatic alleles remained in common.
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Figure | - Isozyme phenotypes observed in thirteen species of colfee (genus Coffea) to AP, ACP and EST
enzymalic systems. a. C. eugenioides; b. C. salvairix; c. C. dewevrei, d. C. Iiberim;ic. C. canephora; f. C.
arabica; g. C. congensis; h. C. stenophylla; i. C. racemosa; j. C. kapakata; k. C. brevipes; . C. mauritiana; m.

C. bengalensis.



398

Rt
07 q b ¢ d e f g h i 5 k|
0,75 6 o -
5— — —
0'50"4- - EE B Em EE -
I . HE EE EE B
0125" 2 v ——
| — — _ — — — — —
0
—
-0,50
9 MDH = MALATE DEHYDROGENASE
-I,OOG
Rt
®
I,OOW ,
a b ¢ d e f g h ] ) k I
0,75
5 v — —
0,50+ Gz - L _— e
M N M EN BERP BN S B S BN B =N
O,ZSJ
2 w— AEs S = e s - -—r L - sEm
| — — —_ P J—
o]
-0,50-
— E D NASE
—I,OO—J ADH:= ALCOHOL DEHYDROGE

Lopes

Figure 2 - Isozyme phenotypes observed in thirteen species of coffee (genus Coffea) using MDIL and ADII

cnzymatic systems. a. C. eugenioides; b. C. salvarrix; c. C. dewevrei; d. C. liberica; e. C. canephora; 1. C.

arabica; g. C. congensis; h. C. stenophylla; i. C. racemosa; j. C. kapakata, k. C. brevipes; 1. C. mauritiana; m.

C. bengalensis.

The third pair observed in this study was composed of C. mauritiana and C.
brevipes. This pair presented a high degree of similarity, which was never observed using
morphological data (Chevalier, 1947) or level of crossability (Carvalho et al., 1985). Of
course, different forces must act on morphological and electrophoretic variants. The

relative importance of these factors vary according to the presumed overall neutrality of
isoenzyme variants and to the strong directional selection for particular morphological
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Figure 7 - Cluster analysis (CL), based on the Jaccard coefficient of similarity.

characteristics (Wolff, 1991). However, it is impossible to infer anything else since the
C. mauritiana samples analysed share abnormal similarities with C. brevipes and these
individuals could conceivably not be true representatives of C. mauritiana.

The high degree of affinity observed between C. dewevrei and C. liberica using
morphological studies (Chevalier, 1942, 1947) was not confirmed in the present study
where, at the electrophoretic level, a much higher degree of differentiation existed
between these two species. In this case, these species are similar to each other, but they
are close at the same level to other species. This also was observed in the crossability
data (Carvalho et al., 1985). In spite of the assumption presented by Chevalier (1942,
1947) that a common ancestor is shared by C. liberica and C. dewevrei, it is possible that
the morphological similarity observed between them is a consequence of adaptation to
the geographic areas in which they occur.
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Figure 8 - Cluster analysis (UPGMA), based on the Jaccard cocfficient of similarity.

The degree of affinity observed between C. kapakata and all other species
studied in this research seems to justify its inclusion in the genus coffea, as was previously
proposed by Carvalho and Monaco (1967). This species, in asignificant number of the
clusters obtained, was closer to C. arabica than to the other species. In fact, Carvalho et
al. (1985) obtained a high level of crossability between C. kapakata and the other species
of the subsection Erythrocoffea (C. congensis, C. canephora and C. eugenioides and C.
arabica), the best one reached by C. arabica.

In the majority of clusters, C. arabica, the only tetraploid species of the genus
Coffea, an allotetraploid, does not show affinity with any of its putative parent species
C. canephora and C. congensis. Even though it is close to these species, it never forms
a special group of similarity with them and it also presents the same level of proximity
with C. dewevrei and C. kapakata. In this study C. arabica presents a low degree of
affinity to C. eugenioides in relation to the enzymatic systems studied. However, the
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participation of C. eugenioides in the formation of C. arabica is supported by all known
data, including morphological similarities, chloroplast DNA, flavonoids and level of
crossability (Carvalho and Monaco, 1967; Charrier, 1978; Lopes and Monaco, 1979;
Berthou and Mathieu, 1982). It is known that C. arabica is distributed in restricted and
isolated areas located in southwest Etiopia, southeast Sudan and north of Kenya, where
possibly its evolution took place after a duplication of an interspecific hybrid occurred
(Carvalho and Monaco, 1967; Louamn, 1981; Berthou and Mathieu, 1982). This species
can be considered a segmental allotetraploid, as defined by Stebbins (1950).

According to Charrier (1978), some types existing in the same diversification
center in Central Africa suffered differentiation: to the west giving originto C. canephora,
C. congensis, C. liberica, C. dewevrei, C. stenophilla, etc.; to the south forming the
species of the Mozambicoffea and Mascarocoffea subsections, and to the north giving
origin to C. arabica. Since the diploid species share relations with only one genome of
C. arabica, Charrier (1978) suggested that the other genome arose from an unknown
species, which expressed fewer relationships with the genus Coffea.

Of the nine clusters presented, in five of them the species C. stenophylla, the
only representative of the subsection Melanocoffea studied, showed greater similarity
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with the species of the subsections Erythrocoffea and Pachycoffea, such as C. canephora,
C. congensis, C. dewevrei e C. liberica, than to the species of the subsections
Mozambicoffea and Nanocoffea.

As for the species C. racemosa of the subsection Mozambicoffea, its closest
similarity was with the species C. kapakata of the same subsection (Carvalho and
Monaco, 1967). There was no accordance between morphological and electrophoretic
variability. The cross between them was also not successful (Carvalho et al., 1985).

C. bengalensis, from Birmany, center and south India, is the most distinct of all
the species studied. It belongs to the section Paracoffea according to Chevalier (1947)
and to the genus Paracoffea according to Charrier (1978). It never formed specific
similarity groups with the other studied species.
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RESUMO

Os padroes isocnzimaticos para alfa ¢ beta esterases, fosfatase alcalina, fosfatase acida,
desidrogenase malica e desidrogenase alcodlica foram determinadas em amostras de treze espécies do género
Coffea. Os dados obtidos foram analisados através de trés coeficientes de similaridade, Simple-Matching,
Jaccard ¢ Ochiai e por trés diferentes métodos de agrupamento, o Single Linkage, Complete Linkage e
Unweighted pair group using arithmetic averages.

As relagoes filogenéticas entre as doze espécics dipldides, e delas com a espécic tetrapléide C.
arabica, mostraram que na maioria das vezes, houve maior similaridade entre espécies pertencentes a subsegoes
diferentes do que entre aquelas de uma mesma subseg¢do. Embora algumas espécies formem sempre grupos de
maior similaridade, tanto através dos estudos de caracteristicas morfoldgicas, de flavondides, de cruzamentos
interespecificos, como aqueles de polimorfismo isoenzimatico, o que se pode verificar € que nio ha indicagdes
de agrupamentos similares mais amplos, fundamentados nos cstudos da maioria ou de todos csses diferentes

processos de avaliagao das interrelagoes filogenéticas e de afinidade.
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